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LOW-FLOW CHARACTERISTICS OF STREAMS

ON THE KITSAP PENINSULA AND 

SELECTED ADJACENT ISLANDS, WASHINGTON

By J. E. Cummans

ABSTRACT

Streams in the study area drain relatively small basins; only three 

streams have drainage areas greater than 20.0 square miles (51.8 square 

kilometers), and only nine other streams have drainage areas greater than 

10.0 square miles (25.9 square kilometers). Mean annual precipitation 

during the period 1931-60 ranged from about 25 inches (640 millimeters) 

near Hansville to about 70 inches (1,780 millimeter^) near Tahuya; it may 

be greater in the Green and Gold Mountain area. July is normally the 

month of least precipitation, and the lowest streamflows generally occur 

in September.



Low-flow frequency data are tabulated for 90 streamflow sites in 

the study area; also listed are data for 56 additional sites which have 

insufficient measurements for frequency analysis but which have been 

observed having no flow at least once during the low-flow period. At the 

time of collection of field data, no effort was made to evaluate the 

effects of man on the streams' low flows.

The eight streamflow gaging stations used in the low-flow analysis were 

all established after 1945, but all have had 10 or more years of record since then, 

and all were operated through the period of deficient rainfall, 1962-67. 

Low flows varied considerably during the periods of record of the stations. 

For example, variations in the 7-day low flows of Gold Creek near 

Bremerton ranged from 0.24 cubic foot per second (0.0068 cubic meter 

per second) in 1967 (at end of 6-year period of deficient rainfall) to 

0.77 cubic foot per second (0.022 cubic meter per second) in 1948, a 

year of above average rainfall.

Low-flow-frequency curves plotted from records of streamflow at the 

eight long-term gaging stations were used to determine data for low-flow 

durations of 7, 30, 60, 90, and 183 days. Regression techniques then 

were used to estimate low flows with frequencies up to 20 years for 

stations with less than 10 years of record and for miscellaneous sites 

where discharge measurements have been made. "



INTRODUCTION

The purpose of this report is to present low-flow information 

for stream sites in the study area by utilizing available records of 

streamflow at continuous-record gaging stations and miscellaneous dis­ 

charge measurements. Data are presented on the low-flow characteristics 

of streams at 90 sites, and an additional 56 sites are listed as 

having been observed with no flow. Low-flow characteristics of many 

of the area's streams are determined from low-flow-frequency curves 

developed from long-term streamflow records and regressions of flows 

from short-term streamflow records and from miscellaneous discharge 

measurements with the long-term records.

Streams in the study area vary in annual volumes of runoff per 

square mile and in their basins' ability to sustain flows during the 

middle and late summer. Periods of low streamflow are of particular 

interest to many water users, because during this time competition for 

the available water supply is the greatest. The study was made in 

cooperation with the Washington Department of Fisheries because of 

its interest in maintaining streamflows adequate for fish spawning and 

rearing activities, which occur during the low-flow season.

The present study augments the data given in an earlier generalized 

study of the area by Hidaka (1973). Streamflow records used in this study 

were collected by the U.S. Geological Survey in cooperation with the 

State of Washington Department of Fisheries, and with many other State, 

Federal, and municipal agencies. Several records were collected by the 

State of Washington Division of Water Resources in 1961.



DESCRIPTION OF THE AREA

The area of Kitsap Peninsula for which data are presented is in the 

Puget Sound lowland of western Washington (fig. 1). The peninsula is 

/" V~" bounded on the west by Hood Canal, on the north by Admiralty Inlet, and 

on the east andT south by various channels and inlets that together are 

popularly defined as Puget Sound. Also included in the study are selected 

adjacent islands (Bainbridge, Vashon, Maury, Fox, and Anderson Islands) 

for which data are available. The total drainage area covered by this 

study is about 700 mi 2 or 1,800 km2 . Most parts of the area have 

maximum altitudes of about 400 to 600 feet (120 to 180 m), but Green and 

Gold Mountains (pi. 1), in the upland west of Bremerton, respectively 

rise to altitudes of 1,689 and 1,761 feet (514.8 and 536.8 m).

Principal streams of the area with drainage areas greater than 20.0 mi 2 

(51.8 km2 ) include Tahuya River, 46.8 mi 2 (121 km2); Union River, 23.5 mi 2 

(60.9 km2), and Dewatto River, 22.0 mi 2 (57.0-km2 ). Other streams with 

drainage areas greater than 10.0 mi 2 (25.9 km2) are Rocky, Chico, ,Minter, 

Curley, Coulter, Big Beef, Mission, Blackjack, and Burley Creeks.

Mean annual precipitation, as recorded at climatological stations, 

ranges from about 25 inches (640 mm) at Hansville at the northern part of 

the area to 70 inches (1,800 mm) near the great bend of Hood Canal, 

near Tahuya. However, streamflow records indicate precipitation may be 

greater in the vicinity of Green and Gold Mountains.



Figure 2 depicts a typical pattern of seasonal precipitation 

at Grapeview (just outside the southwestern margin of the study area; 

fig. 1), based on average monthly precipitations during 1931-60. The Grapeview 

record was used because it covers the longest period in the general area. 

Normal monthly precipitation is highest in December and lowest in July. 

The variations in annual precipitation at Grapeview are depicted in

3, where annual deviations from the 1931-60 average are shown for

periods 1931-46 and 1948-71. For example, the figure indicates that 

below- average annual precipitation occurred consecutively during the
7 4-

seven years 1938-44 and the -six years 1962-67.

- Mean annual runoff per square mile of drainage area is generally 

largest in streams in the western part of the study area, near Hood Canal, 

based on records of streamflow at eight long-term gaging stations 

(table 1). The largest observed average annual runoff during 

the period 1946-56 (the only LXjumi period of contemporaneous record 

at all eight stations) was at Union River near Bremerton (station 

12063000) and was 4.05 (ft 3/s)/mi 2 [5.0443 (m3/s)/km23 The smallest 

observed average annual runoff during this period was at Dogfish Creek 

near Poulsbo (station 1207000) and was 1.78 (ft 3/s)/mi 2 [p. 0195 (m3/s)/kmjj. 

Mean average runoff is doubtless both larger and smaller from other, 

ungaged basins in the study area.



SEASONAL AND YEARLY VARIATIONS IN LOW FLOWS

Streamflow patterns closely follow the seasonal trend of precipita­ 

tion. High runoff results from the greater precipitation during winter, 

most of which occurs as rain and quickly becomes surface runoff. 

Occasionally, some precipitation occurs as snow but the temperature rises 

soon enough to preclude much sustained accumulation on the ground. As 

precipitation diminishes in the summer, streamflows become dependent on 

ground-water seepage to maintain the flows. Also, the release of natural 

and artificial storage, as provided by many lakes in the area, tends to 

maintain streamflows during the season of little precipitation. No effort 

was made in this study to evaluate the effects of the artificial storage on 

low-flow values, because regulation, as well as diversion, is somewhat random 

and poorly documented.

Low flows in the area generally occur during the period July-October 

and are most likely to occur in September. Dogfish Creek is an observed 

exception, tending to have its lowest flows in early August.

There is a considerably range in seasonal low flows from year to year 
and between basins. Figure 4 illustrates the difference between the 

. x variability of the 7-day low flow of Gold Creek near Bremerton and that 
of Dogfish Creek near Poulsbo during their respective periods of record 
within the 1946-71 water years. The figure shows that the 7-day low flow1 
of Gold Creek ranged from 0.77 ft 3/s (0.022 m3/s) in 1948 to 0.24 ft 3/s 
(0.0068 m3/s) in 1967, whereas that of Dogfish Creek ranged from 
3.63 ft3/s (0.103 m3/s) in 1956 to 1.83 ft 3/s (0.052 m3/s) in 1959.

Lowest average daily flow for 7 consecutive days in a given year.



LOW-FLOW-FREQUENCY ANALYSIS 

Continuous-Record Gaging Stations

Eight streamflow-gaging stations that were used in the low-flow 

analysis were all established after 1945, but all have had 10 or more years 

of record since then. All were operated during the 1962-67 period of 

deficient rainfall, but none were in existence during the 1938-44 period 

of deficient rainfall. Low-flow-frequency curves were prepared by 

Log-Pear son Type III computer analysis of the daily streamflows recorded 

at these stations; the low-flow data for the stations are listed in 

table 1. The 7-day low flows, at recurrence intervals of 2, 5, 10, and 20 

years (7-day Q2 , Q5 , Q1Q , and Q20 , respectively) are taken from the 

curves. Data from the frequency curves for periods greater than 7 days 

also are listed in table 1.

Streamflows at 13 other sites in the study area have been gaged for 

periods of less than 10 years. Daily discharges during low-flow periods 

at these short-term gaging stations were regressed with concurrent 

discharges from a nearby station having a longer record, and then 

estimates of the 7-day Q2 , Q_, Q- 0 , and Q-0 were made by use of the 

regression.' Data for these sites are listed in table 2. Correlation 

coefficients for the regressions were generally greater than 0.90.

Recurrence interval is the average number of years between
le^O t-MA^ -tncse- 3 *

minimum flows^indicated by the frequency curve. The reciprocal
of the recurrence interval is the probability that a low flow in
any one year will be equal to or less than the discharge given.

7



Miscellaneous Discharge Sites

Miscellaneous discharge measurements, most of which were made 

specifically for low-flow information, have been obtained over the years 

in the study area, generally since 1947. Using methods similar to those 

for short-term gaging stations, miscellaneous discharge values were 

regressed with concurrent discharges at each long-term gaging station to 

obtain eight different estimates of 7-day Q2 , Qr, Q1Q , and Q2Q . The 

regression finally used was that which gave the smallest standard error 

of estimate. Low-flow-frequency data for these miscellaneous sites having 

five or more measurements of discharge are listed in table 2. 

Correlation coefficients for the regressions were generally greater 

than 0.90.

Although many sites had insufficient data for analysis, the data 

recording no flow were considered significant to list in table 2. 

If sufficient years of "no flow" observations at such sites were 

available when nearby long-term stations had flows lower than those of

a 2-year recurrence interval, it was assumed that "no flow" would also 
/ ' 
suffice for the Q2 , Q5 , Q1Q , and Q2Q values.

^

In 1961 the State of Washington Division of Water Resources made a 

comprehensive inventory of low streamflows in the study area at many 

sites on small streams where prior data were unavailable. This single set 

of observations included discharge measurements and estimates of flow 

which are presented in a resulting report (Garling, Molenaar, and



others, 1965, table 48, p. 118). However, because analysis of low-flow 

frequency cannot be made for such sites with only one streamflow observa­ 

tion, sites which were observed "dry1 ! during that 1961 inventory and 

which could be located on a map, have been listed in table 2 of the 

present report. Approximately 30 other sites at which no flows were 

observed were not listed in the present report.



MONTHLY STREAMFLOW DATA

The estimated streamflow and quantity of water available both 

during and outside of the low-flow period also is of interest in fish 

management and to other water users and planners. Therefore, this study 

included an estimation of monthly mean flows at the 2-year recurrence 

interval, the median values. Because monthly mean discharges are not normally 

distributed, the medians are less than the averages of monthly 

discharges.

Log-Pearson Type III computer analysis was utilized for long-term 

gaging stations to obtain the median monthly discharges (monthly average 

flows at the 2-year recurrence interval) for all months of the year. 

The median values at the short-term gaging stations and miscellaneous 

sites were estimated from regression analysis with records of the 

long-term gaging stations. The data are listed in table 3. Omitted are 

monthly discharges that are greater than the range of concurrent 

discharges utilized in defining the regression at a site.



SOME FACTORS THAT INFLUENCE LOW FLOWS

No effort has been made to evaluate the effects of man on the 

low flows of the streams studied. Footnotes in table 2 list a few of 

man f s uses, which include municipal, domestic, stock, and irrigation 

supplies. However, because low-flow measurements were made at the 

critical time of the year when man's use of stream water is at a maximum, 

the measurements probably represent the "as-used" condition.
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TABLE 1.   Low-flow»freq.uency data for long-term streamflow gaging 
stations in -Uhy study areai/
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4 Station name and^ Number of Streamflow (ft^/s)^for indicated 
r »&£e number «* > consecu- recurrence interval (years)

-a-' p-m-cy 1 -vi \ 4--i

  Union River near
Bremerton (£)

\'LO&*>OOO

Union River near
Belfair f5)

j2.Do3r^

Gold Creek near
Bremerton (£&)

/Z Oh $$V3

Tahwye. River near
Bremerton (-S7)

; f2.o(s^>OOO

Dewatto River near
Dewatto (-85)

lUQbZ&V

Dogfish Creek near
Poulsbo (83)

I^O^dOO^

Chico Creek near
Bremerton (8ff)

/ 2Q-r2.GoO

Lve days

7
30
60
90

183

7
30
60
90

183

7
30
60
90

183

7
30
60
90

183

7
30
60
90

183

7
30
60
90

183

7
30
60
90

183

2

0.55
.64 .
.72
.80

1.7

18
19
20
21
25

.46
,54
.61
.68

JL.3

.31

.48

.61

.78
2.3

12
13
14
15
21

2.9
3.1
3.3
3.5
4.5

.99
1.5
1.7
2.1
5.7

5

0.44
.48
.55
.61

l.>2

16
17
18
18
22

.36

.42

.48

.54
1.0

.15

.25

.34

.41
1.4

11
12
13
14
18

2.5
2.7
3.0
3.2
4.1

.53

.83
1.1
1.4
4.2

10

0.39
.41
.48
.53

1.1

15
15
16
17
21

.32

.36

.41

.47

.88

.10

.18

.25

.28
1.1

11
12
12
13
17

2.3
2.6
2.8
3.0
3.9

.35

.64

.80
1.1
3.6

20

0.35
.36
.43
.48
.95

14
14
15
16
20

.28

.32

.36

.42

.79

.08

.14

.20

.21

.83

10
11
12
13
16

2.2
2.4
2.7
2.9
3.7

.24

.51

.63
- .96
3.1



TABLE 1 continued.

/>/«/
t/ Ration name and^ Number of 
^Mutae numbering* consecu-

Streamflow (ft3/s) for indicated 
recurrence interval (years)

e#35 Huge Creek near 7
IO(& Wauna (i#^ 30

/^iO~^3^° 60
90

183

2

4.2
4.5
4.6
4.7
5.4

5

3.9
4.1
4.2
4.3
-4.8

10

3.7
3.9
4.1
4.1
4.6

20

3.6
3.8
4.0
4.0
4.4

i/ See footnotes for these sites in table 2 concerning diversions 
and regulation.
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 CABLE 2.  continued

  Site 
no. 
on

Stream and periods of 
low-flow records Locationi/

7-day low flow discharges, in 
Drainage cubic feet per second, for 

area indicated recurrence intervals 
(mi2 ) in years_________________

10 20

142 Quartermaster Harbor tributary 
1961

143 Quartermaster Harbor tributary 
1961

144 Quartermaster Harbor tributary 
1961

FOX ISLAND

145 Carr Inlet tributary 
1961

ANDERSON ISLAND

146 Balch Passage tributary 
1961

SE,KE 18 22/3 E 

NE,£E 18 22/3 E 

ME,SB.24 22/2 E

t

HW,SW 35 21/1 E .06 

NE,Mtf 33 20/1 E

&(&>

^

' " -  

The locations are abbreviated. For example, the complete landline location for site 2 of, SE^NW^- 
sec. 10, T.12 N., E.5 W., has been shortened to SE,KW 10 155/5 W. (all townships in the area are north)

fo* -7 A ^ , ^ y}~Operated as continuous-record gaging station. ^SLJ-g^ '' jVaJ**. /30v^j(^Jf"J)' 
 Lov-flov statistics are "for period of record prigr (toregulation at/^asad Dam which started in 1955. 
Capacity of the reservoir is about 4,000" acre-fe?^ -¥grteE*Su^plj DikletaiF^g-flfSy-tO^atatoe; "To 
supply the City of Bremerton, water is first released from the reservoir outlet to the river channel. 
Approximately haLf a mile below the outlet and just above McKenna Falls, a small dam diverts the    
major part of the flow [up to 10 cfs/in winter months? into a pipeline. To maintain fish life, a 
continual flow, varying from 1 to Vcfs: .at different-times of the year, is bypassed to the river below 

the fans." X'H^'^) ,/ 
Lowflowsp_not appear to be significantly affected by regulation and diversion mentioned in footnote 

'"'- Mofa*-e*#. &^A- *-X * ~ '''\
/ '

I

I

___ e sgnicantly affected by reg
lT^ C.Cx*rf'"3'-j Mofa*-ey*#. &^A- #*3-X^ J7&S* ~h

^  .   '  *   ' ' ~ /* / ' 
Insufficient dataTVfor analysis, has been observed dry. 
Drainage area f rom^fePTg-Tt?) .-^eB-^&r t_(j^^££f 
Low-flowtatls
^g^&n£_^S££ sss EeSESr ̂ ^-CteT^r18^ £elake
Tahuya Lake Is allowed to outflow The low fl  ̂ »»in,i« < *lZ?Z Indicatee^natural Inflow to 
condition au. to effects of tS^r^^S^to^gf ^ "'^P^T ̂ B - fcr ** ^'^ 
How nay be partially regulated by Lake Gvmlmfon rt*^-Vbjf.vA* $.y?x>» -  -- 
Oumov of loland Mt0 affected by glo^yCe^S cutlH. < ««"-'C .^ ,^je^So^^^ror^rnoi11̂ .^ to 8r'at^ in e^r - ̂ -^ «* "  °^


